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]ntcgral  Relations for Disfurlwincc  lsolafion

B. J. l,uric  *

Consider a syslcm in Fig. l(a) ofhvo trodics conncc[cd with an active strwt [1] which is a linear
motor. A force dislarbancc  soarcc  l\ is applied to the body A41 (capital Icttcrs  clcsignatc  l,aplacc
transforms). The force II> is applied via the masslcss  aclivc strat  to the body A43 q’o incrcasc the
distarbancc  isolation, the force division ratio  KF ~ F3/11”1 should bc made small, l’hc strut mechanical
impcdanccZ2  isthc  ratio of lhc diffcrcncc  in thcvc]ocitics  al the ends of the strut to thcforcc (since wc
neglect thcsirat’s mass, thcforccis  samcatt  hcbothcndsofthc  smlt).  Fccclback iscmp]oycd  in lhcactivc
stra( to incrcasc IZ2 I in order to rcdacc IKII.
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Fig. 1, Mechanical syslcm (a) and electrical cqaivalcnt  circuit (b)

For the pwposc of analysis wc usc lhc following clcclromcchanical  analogs: power to power, voltage
to velocity, carrcnt  to force, capacitance to mass, ancl inductance to the inverse of the s[iffncss  cocmlcicnt.
The electrical equivalent circait  for the syslcm  is SI1OWII in Fig, 1(b), The cmu’cnt division  ratio 13/11 is
cqaivalcnl  to KI. The clccirical  impcdancc  L is the cqaivalcnl  of the shmt mechanical impcdancc.

I’hc current division ratio, i.e. the force division ratio is

K,, =  - - - -  -!.!(w)
1 / (SM, ) -1 Z2 + 1 / (LVM3)

or
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(1)

At higher frcqucncics, the s[rat  equivalent electrical impcdancc  dc~cncratcs  into lhc impcclancc  of the
series inclactaucc inchdcd in Zz , the indaclancc  being cquivalcnl 10 the inverse of the sliffncss  cocfflcicnt
k of the strut at higher frcqucncics.  ‘1’hcrcforc,  the force division ratio at higher frcqucncics  tarns into

K,,lti).  ,,,, =- - ‘--
.v2M,

(2)

Since this valac  I-cdaces as a square of the frequency, IIodc integral of the real parl of a function [2,3]
applies. lirom  this integral,
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jllog K1, -l IId(o=  o (3)
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‘1’his  relation remains valid with and without feedback in the active slrut, ancl allows onc to cs[imatc
the ctTccI of feedback on the disturbance isolat ioa at higher frcqucncics.

Another equation which will give a bc[[cr estimation of the available pcrforlmncc  at lower
frcqucncics, CRII  bc found as follows, Fro]n (1 ),
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k,,(l + A41 /A43) l+ A4, /A43
(4)

(:ol~sidcr  tllcl>ractical  cascoftl}c fccdtJack il~tl]c  acli\cs  tr~lttob  c1~cgligit~lcat  dc, At lo~vcrfrcqucncics,
thcactivcs(rwt  clcgcl~cratcs illtosol\~c sl~ril~p,,  'J`l}crc.forc,  at lowcrfrcqucncicst  bcfractioni  nthcri.ght  side
of (4) incrcascs  with frequency as OJ2. Witk thcfrcqucacy  scale iavcrtcd, thcfraction  dccrcascsat  high
frequencies as 0)”  2. ‘1’hen, the 130dc integral of ihc real part of a fanctiot] app]ics, and fro]n the integral,
the integral of the logarithm of the expression ill the right side of(4) equals  O. q’hcrcforc,
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jlogjK[do-’ = -jlog(l+ A4, /A43)d(Ii1 (5)
o 0

“1’hc feedback in the active strut dots not affccl the right side of tbc equation, I’hcrcforc, wkcn comparing
the cases with diflcrcnt  values of feedback ia the active strut loops, the right parl of (S) cau be ncglcctcd,
]Icncc, (he inlcgra]  of the difference ia the vibration transmission bct}vccn aIIy Iwo cases ivitl) diffcrcn(
feedback in Ike aciivc strut, is xcro:

(6)

o
1 :quat  ion (6) is impo]-tani  bccausc  it places a fumtamcntal  rcslriclion 011 what cal) bc achicvccl by

clisturbancc  isolation design, introduction of feedback in tkc ac(ivc strut rcduccs  the force division ratio at
SOJNC frcqucncics, but at some other frcqucncics  (in facl, al 10\wY’ frcqucncics)  this ratio  illcrcascs,  and the
di ITcrcncc in the areas of the outpul force rcduct ion and the force incrcasc,  ~vi{l~ inverse frequency scale, is
zero.

1 n experiments with a large-scale model of an interstellar intcl-fcromctcr,  a vibration source
(rcprcscnting,  a reaction wkccl)  was placed oa a platform (body 1) suspended on six orthogonal active
s[ruts.  Vibfation propagation [o tbc base on which sensitive optics was inslallcd  (body 2), was wdic:ed  by
the band-pass feedback in the active slt-uts by 30 dR at 20 Ilz., the value g,rwluall-y  dccrcasin~ with
frequency to nearly z.cro at 10(J }Ix, At frequency 7 }lz, however, Ihc fccclback itw-cmed Ihc base vibrations
by approximately 10d}3. This trade-ofTbct\vccn the vibration amplification and vibratioa  attenuation over
ditTcrcnt  flcqucncy  ranges was quite acceptable since al lower frcqucncics,  the feedback in the optical
pointing loop was large (sad can be made mea larger, if necessary, by application of nonlinear dynamic
compensation 13]), and the to[al error in the optical loops \vas slnall,

Ackt)()}vlc(lglt)cl)t.  ‘lhc research was cai-ricd  out by the Jc[ Propulsion 1,aborato~-y, California lm(itutc
of l’cchology, under a conlract  with the Nalionztl Aeronautic
thanks J. Carson for participation in the cxpcrimcnts,  al~d Drs.
helpful discussions.

Rcf(mlm.s

and Space Administration, ‘1’hc author
11. Rayard,  (i. Neat anti  J. Spanos,  for


